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TITLE OF THE INVENTION 

PROCESS FOR GROWING A DIELECTRIC LAYER ON A 
SILICON-CONTAINING SURFACE USING A MIXTURE 

OF N 2 0 AND 0 3 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This application is a continuation of application Serial No. 09/059,718, filed 
April 13, 1998, pending, which is a continuation of application Serial No. 08/651,563, filed on 
May 22, 1996, now abandoned. 

BACKGROUND OF THE INVENTION 
[0002] Field of the Invention: This invention relates to integrated circuit manufacturing 
technology and, more specifically, to processes for growing insulative layers by consumption of an 
underlying layer. 

[0003] State of the Art: In the manufacturing of integrated circuits, the growth of high- 
quality insulative layers for device isolation, transistor gate dielectrics and capacitor dielectrics is of 
fundamental importance. As device dimensions are scaled down, thinner dielectric layers are 
required to maintain capacitor and transistor performance at acceptable levels. When silicon 
dioxide layers, which have been grown by conventional wet or dry thermal oxidation processes, are 
thinned, device reliability typically suffers. It is generally believed that the quality of silicon 
dioxide layers is inversely proportional to the number of interface states (i.e., dangling silicon 
bonds) present per unit volume. In other words, quality and long-term reliability of a silicon dioxide 
layer will increase as the number of dangling silicon bonds is reduced. 

[0004] Oxidation of silicon in an ambient-containing nitrous oxide (N2O) has been 
reported as a means for improving the quality of silicon dioxide dielectric layers. A lower number 
of interface states, greater reliability, improved hot carrier immunity and improved diffusion barrier 
characteristics have been reported for silicon dioxide layers grown in this manner as compared to 
those grown via conventional dry or wet oxidation processes. The increased reliability of such 
dielectric layers may be due in part to the incorporation of nitrogen atoms into the silicon dioxide 
matrix. The bonds between silicon atoms and nitrogen atoms are considerably stronger than those 
between silicon atoms and oxygen atoms. Thus, the presence of nitrogen atoms in the matrix 
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apparently fortifies the dielectric layer against voltage-induced degradation. However, the process 
of oxidizing silicon in nitrous oxide tends to be self-limiting because the silicon dioxide layer which 
forms has a high nitrogen content. In fact, the layer may be better identified as silicon oxynitride. 
Once a thin layer of silicon oxynitride has formed on the surface, the diffusion of oxidant species to 
the underlying silicon is greatly hampered. Thus, only very thin dielectric layers are readily grown 
using this process. 

[0005] Although the addition of small amounts of a strong oxidizer such as SF6 or NF3 to 
a nitrous oxide ambiance has been demonstrated to increase the oxidation rate by as much as one 
order of magnitude, the inclusion of fluorine in a silicon dioxide layer has been shown to have an 
adverse impact on device reliability. 

[0006] What is needed is an improved process for oxidizing silicon which utilizes nitrous 
oxide as the primary oxidant species, and which does not rely on fluorine-containing additives to 
overcome the self-limiting nature of the reaction. Such a process might produce silicon dioxide 
layers having both a low number of interface states and a sufficient thickness for use as transistor 
gate dielectrics. 

BRIEF SUMMARY OF THE INVENTION 
[0007] An improved process for growing high-quality silicon dioxide films or layers on a 
silicon surface in a nitrous oxide-containing ambiance is disclosed. The silicon surface is subjected 
to a gaseous mixture of nitrous oxide (N2O) and ozone (O3). The presence of O3 in the oxidizing 
ambiance greatly enhances the oxidation rate compared to an ambiance in which N2O is the only 
oxidizing agent. It is hypothesized that the presence of O3 promotes growth of a dielectric layer that 
is predominantly silicon dioxide, although small numbers of nitrogen atoms are incorporated in the 
silicon dioxide matrix. Thus, a silicon oxynitride layer (i.e., a silicon dioxide layer having a high 
nitrogen content) having a high degree of impermeability to the oxidant species is prevented from 
forming. The presence of O3 in the oxidizing ambiance does not impair oxide reliability, as is the 
case when silicon is oxidized with N2O in the presence of a strong, fluorine-containing oxidizing 
agent such as NF 3 or SF 6 . 
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BRIEF DESCRIPTION OF THE DRAWING 
[0008] FIG. 1 is a flow chart which outlines the steps of a preferred embodiment of the 

process. 

DETAILED DESCRIPTION OF THE INVENTION 

[0009] This invention is disclosed in the context of a process for growing high-quality 
dielectric films or layers on the surface of a silicon-containing layer or substrate. The surface is 
subjected to a gaseous mixture of nitrous oxide (N2O) and ozone (O3). The partial pressures of 
ozone should, preferably, be at least 10 percent of that of nitrous oxide in order to sustain an 
acceptable oxidation rate. Although the dielectric layers grown by this process are predominantly 
silicon dioxide, small numbers of nitrogen atoms are incorporated in the silicon dioxide matrix. 

[0010] It is axiomatic that as the partial pressure of ozone with respect to that of nitrous 
oxide decreases, the nitrogen content of the dielectric film will increase and the reaction rate will 
decrease. When a silicon-containing layer is oxidized in an ambiance in which N2O is the sole 
oxidant, a layer of silicon oxynitride forms on the surface of the silicon-containing layer. This 
silicon oxynitride layer contains sufficient amounts of silicon nitride so that diffusion of N2O to the 
underlying silicon-containing layer is greatly hampered. The presence of O3 in the oxidizing 
ambiance greatly enhances the oxidation rate compared to an ambiance in which N2O is the only 
oxidizing agent. Thus, it is hypothesized that the presence of O3 in the oxidizing ambiance 
decreases the amount of nitrogen (in the form of silicon nitride) that is incorporated in the silicon 
dioxide matrix. The presence of O3 in the oxidizing ambiance does not impair oxide reliability, as is 
the case when silicon is oxidized with N2O in the presence of a strong, fluorine-containing oxidizing 
agent such as NF3 or SF^. 

[0011] Oxidation of a silicon surface in the presence of ozone and nitrous oxide may be 
accomplished in a variety of ways which relate to the apparatus in which the reaction is performed, 
the temperature at which the reaction is performed, the pressure at which the reaction is performed, 
and the presence of other chemical species during the reaction. 

[0012] The process may be performed within a sealed chamber or in an unsealed chamber 
such as a rapid thermal anneal chamber that is open to the atmosphere. In such an open chamber, 
the silicon surface is bathed in the oxidizing ambiance. In an open chamber, the reaction proceeds 
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at or near atmospheric pressure. However, in a sealed chamber, the reaction may be performed at 
pressures greater or less than atmospheric pressure. A range of 1 to 7,600 torr is deemed to be a 
useful pressure range for the reaction. 

[0013] Likewise, the process may be performed within a wide temperature range. A 
useful temperature range for the reaction in a manufacturing environment is deemed to be 600 to 
1,100°C. The limit of 1,100°C is considered to be the maximum desirable temperature for the 
processing of integrated circuits fabricated on a silicon substrate. Below 600°C, the reaction rate 
drops off significantly. 

[0014] FIG. 1 provides a flow chart that summarizes the steps of a preferred embodiment 
of the dielectric layer formation process. Step A indicates that the object to be placed in the 
chamber has a silicon surface. Although the surface will normally be a material that, 
compositionally, is relatively pure silicon, such as single crystalline or polycrystalline silicon, the 
silicon may incorporate low levels of impurities such as dopants. 

[0015] Still referring to FIG. 1, step B recites that nitrous oxide and ozone gases are 
introduced into the chamber. Because of reliability problems associated with the use of fluorine 
during oxidation, the mixture should, ideally, contain no fluorine-containing gases. However, the 
oxidizing ambiance, in addition to ozone and nitrous oxide, may also contain trace amounts of 
chlorine or bromine-containing gases, such as CI2, Br 2 , HC1 or HBr. The environment may also 
contain steam. The amounts of the halogens or halogen compounds present are chosen such that 
halogen etching is not the dominant mechanism. If employed at all, concentrations of the halogens 
or halogen compounds relative to the concentration of ozone are contemplated to be in the range of 
no greater than 1:10. However, relative concentrations within a range of 1:1,000 to 1:100 are 
deemed preferable. In another embodiment of the process, the oxidizing ambiance may also contain 
steam. Also contemplated are oxidizing environments containing not only ozone and nitrous oxide, 
but combinations of one or more of the aforenamed halogen-containing gases or one or more of the 
aforenamed halogen-containing gases and steam. Silicon wafers may be processed individually in a 
single wafer processor, or multiple wafers may be processed in a conventional vertical thermal 
reactor. 

[0016] Still referring to FIG. 1, step C indicates that the object should be maintained at a 
temperature within a range sufficient to initiate a reaction between the silicon on the surface of the 
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object and the ozone and nitrous oxide gases. Although, at least from a theoretical standpoint, a 
certain amount of oxidation may occur at temperatures considerably less than 1 00°C ? the pace of the 
oxidation reaction at such temperatures is so slow as to be totally impractical from a manufacturing 
standpoint. Step D of FIG. 1 is, of course, a logical requirement for any manufacturing-worthy 
process, as film thickness must normally be carefully monitored. 

[0017] Silicon dioxide dielectric layers grown with the new silicon oxidation process may 
be utilized in applications wherever conventionally grown silicon dioxide layers are used. Such 
applications include use as capacitor dielectrics, use in field oxide layers grown via conventional 
local oxidation of silicon (LOCOS) processes or via modified LOCOS processes, and use as both 
floating gate and control gate dielectric layers for field effect transistors. 

[0018] Although only several embodiments of the invention have been disclosed herein, it 
will be obvious to those having ordinary skill in the art of integrated circuit manufacture that 
modifications and changes may be made thereto without departing from the scope and the spirit of 
the invention as hereinafter claimed. 
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